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Description 

Cyclohexanecarboxylic Acid Compound 

[Technical Field] 
[0001] 

The present invention relates to a 
cyclohexanecarboxylic acid compound which is excellent in 
VLA-4 (very late antigen-4) inhibitory action, water- 
solubility and long-term storage stability, thus is useful as 
a preventive and/or therapeutic drug for disorders caused by 
cell adhesion. This invention also relates to a medicine 
containing the compound. 

[Background Art] 
[0002] 

It is known that certain diseases can be prevented and 
treated by inhibition of cell adhesion as such pathological 
relationship comes to be increasingly clear. Some cell 
adhesion molecules are involved in cell adhesion, and VLA-4 
is known as a molecule having a role in mediating adhesion of 
leukocytes. On the basis of this knowledge, a variety of 
VLA-4 inhibitors have been developed. Patent document 1 
discloses a compound which exhibits excellent VLA-4 
inhibitory activity and thus is useful as a preventive and/or 
therapeutic drug for disorders caused by cell adhesion. 

Example 170 of Patent document 1 discloses that trans- 
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4- [1- [2, 5-dichloro-4- [ ( l-methyl-lH-3- 

indolylcarbonyl) amino ]phenylacetyl] - (4S) -methoxy- (2S) - 
pyrrolidinylmethoxy] cyclohexanecarboxylic acid (hereinafter 
referred to as compound (a) ) was isolated as a colorless 
solid. 
[0003] 

[Chemical formula 1] 




[Patent document 1] WO 02/053534 
[Detailed Description of the Invention] 
[Problem to be solved by the Invention] 
[0004] 

However, compound (a) , isolated as a colorless solid in 
Patent document 1, has low water-solubility, and a concern 
about long-term stability. Water-solubility and long-term 
storage stability are crucial factors to be considered in 
developing a drug product from compound (a) . 
[Means for Solving the Problem] 
[0005] 

In view of the foregoing, the present inventors 
performed extensive studies to obtain a compound which not 
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only exerts pharmacological effects, but also has excellent 
water-solubility and long-term storage stability and thus is 
useful as a medicinal drug. In the end, it was found that a 
sodium salt pentahydrate of compound (a) described above 
could bring about higher water-solubility as compared with 
other salts of compound (a), was free from any problem 
regarding moisture adsorption/desorption while keeping long- 
term storage stability, therefore, being a useful component of 
a medicinal product. Thus the present invention was achieved. 
[0006] 

Accordingly, the present invention provides sodium 
trans-4- [1- [2, 5-dichloro-4- [ ( l-methyl-lH-3- 
indolylcarbonyl) amino] phenylacetyl] - (4S) -methoxy- (2S) - 
pyrrolidinylmethoxy] cyclohexanecarboxylate pentahydrate 

(hereinafter referred to as "compound (1)") represented by 
the following formula (1) : 

[0007] 

[Chemical formula 2] 




(1 ) 

COONa 



[0008] 

The present invention also provides crystals of 
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compound (1) . 

The present invention also provides a medicine 
containing compound (1) as an active ingredient. 

The present invention also provides a medicinal 
composition containing compound (1) and a pharmaceutically 
acceptable carrier therefor. 

The present invention further provides use of compound 
(1) for the manufacture of a medicine. 

The present invention still further provides a method 
for treating disorders caused by cell adhesion, characterized 
by administering a compound (1) in an effective dose. 
[Advantageous Effect of the Invention] 
[0009] 

The compound (1) of the present invention has high 
water-solubility. The weight of compound (1) changes a 
little by water adsorption/desorption, and thus compound (1) 
has excellent storage stability. The compound (1) also has 
excellent VLA-4 inhibitory activity. Therefore, the compound 
(1) of the present invention is useful as a preventive and/or 
therapeutic drug for disorders caused by cell adhesion. 
[Brief Description of the Drawings] 
[0010] 

Fig. 1 shows moisture adsorption/desorption behavior of 
compound (a) . 

Fig. 2 shows moisture adsorption/desorption behavior of 
a t-butylamine salt of compound (a) . 

Fig. 3 shows moisture adsorption/desorption behavior of 
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compound (1) . 

Fig. 4 shows powder x-ray dif f ractometry spectra of 
Type-I crystals and Type-II crystals of compound (1). 

Fig. 5 shows moisture adsorption/desorption behavior of 
Type-I crystals (A) and Type-II crystals (B) of compound (1) . 

[Best Mode for Carrying out the Invention] 
[0011] 

Compound (1) is a sodium salt pentahydrate of compound 
(a) disclosed in Patent document 1. Therefore, compound (1) 
can be produced through reaction of compound (a) or. a mixture 
containing compound (a) with a compound capable of providing 
sodium ions and crystallization of the reaction product from 
a hydrated solvent. Examples of the compound capable of 
providing sodium ions include sodium salts such as sodium 
hydroxide and sodium carbonate, with sodium hydroxide being 
particularly preferred. The reaction of compound (a) with 
the sodium-ion-providing compound may be carried out at 20 to 
35°C through addition of an aqueous solution of 1.0 to 1.2 
mol of the sodium-ion-providing compound on the basis of 
compound (a) . 
[0012] 

After compound (a) has been completely dissolved in the 
mixture, insoluble matter is removed therefrom in need, and 
compound (1) is crystallized from a hydrated solvent. 
Examples of the hydrated solvent employed in the present 
invention include hydrated acetone, hydrated acetonitrile , 
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hydrated 1-propanol, hydrated 2-propanol, and hydrated 
ethanol . Hydrated acetone is particularly preferred. 
[0013] 

The thus-produced compound (1) was found to have high 
water-solubility as compared with compound (a) and other 
salts such as an ethanolamine salt, a dibenzylethylenediamine 
salt, and a lithium salt of compound (a) , as is shown in the 
Examples described below. 

Moisture adsorption/desorption of different salts of 
compound (a) were studied, and long-term storage stability of 
each salt was determined from the results. Compound (a) 
exhibited a weight change, so that it was impossible to 
determine its hydrated form. Compound (1) and a lithium salt, 
an ethanolamine salt, a dibenzylethylenediamine salt of 
compound (a) exhibited no weight change under typical 
humidity conditions and were stable. A t-butylamine salt of 
compound (a) exhibited a slight weight change. 

Among these compounds, only compound (1) was found to 
exhibit both good water-solubility and good moisture 
adsorption/desorption characteristics (storage stability) . 
[0014] 

During the crystallization of compound (1), crystal 
polymorphism is induced by a stirring stimulation. When such 
a stirring stimulation is weak, plate-like crystals (Type-II) 
are produced, whereas when that is strong, needles (Type-I) 
are produced. Type-II crystals exhibit characteristic peaks 
of angle of diffraction (29) at 7.2, 17.3, 18.9, 19.4, 20.4, 
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and 21.6 (°) as measured through powder x-ray dif f ractometry . 
On the other hand, type-I crystals exhibit characteristic 
peaks of angle of diffraction (20) at 7.2, 12.9, 17.3, 18.9, 
19.8, 21.6, 26.8, and 30.5 (°) as measured through powder x- 
ray dif f ractometry . 
[0015] 

Both of Type-I and Type-II crystals of compound (1) 
were found to have high water-solubility and good storage 
stability (moisture adsorption/desorption property) . However, 
from the viewpoints of control of crystallization conditions 
and handling in mass production, Type-II crystals are 
preferred. 
[0016] 

As described above, compound (1) of the present 
invention has high water-solubility and good storage 
stability. As described in Patent Document 1, compound (1) 
of the present invention can selectively inhibit binding of 
cell adhesion molecules with VLA-4. Therefore, compound (1) 
of the present invention is useful as a preventive and/or 
therapeutic drug for disorders caused by cell adhesion 
involving VLA-4; i.e., mediated by migration and adhesion of 
leukocytes. Examples of such disorders include inflammatory 
diseases, autoimmune diseases, cancerous metastasis, 
bronchial asthma, nasal obstruction, diabetes, arthritis, 
psoriasis, multiple sclerosis, inflammatory bowel disease, 
and transplantation rejection. 
[0017] 
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The medicine of the present invention may be 
administered through oral administration or other 
administration routes. When the medicine of the invention is 
used as an injection, the medicine may be administered 
through any route such as intravenous injection, 
intramuscular injection, or subcutaneous injection. 
[0018] 

The dosage form of the medicine may be determined 
depending on adopted administration routes, and the 
preparation may be produced through a conventional method. 
[0019] 

Examples of the dosage form for a oral drug include 
tablets, powders, granules, capsules, solutions, syrups, 
elixirs, and oil-base or water-base suspensions. A 
preparation for injection may contain, for example, a 
stabilizer, a preservative, or a solubilizer. A solution 
which may contain any of these auxiliary agents may be 
contained in a container, and, if desired, may be subjected 
to lyophilization or a similar process, to thereby produce a 
solid product, which may be returned to solution upon use. 
Examples of liquid formulations include solutions, 
suspensions, and milky lotions. When any of these liquid 
drugs is produced, additives such as suspending agents and 
emulsifiers may be used. 
[0020] 

A medicine containing compound (1) of the present 
invention is preferably administered to adult by repeating 
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once/day administration at suitable intervals. The daily 
dose of compound (1) is 0.01 mg to 2,000 mg, preferably 0.1 
mg to 1,000 mg . 
[0021] 

The medicine of the present invention may be used, if 
necessary, in combination with an anti-inflammatory agent, an 
anti-arthritic drug, adrenocorticosteroid (corticosteroid) , 
an immunosuppressant, an antipsoriatic drug, a bronchodilator, 
an anti-bronchial asthma drug, or an antidiabetic drug, so 
long as the effect of the medicine of the present invention 
is not impaired . 

[Examples] 
[0022] 

The present invention will next be described in more 
detail by way of examples. 
[0023] 

Referential Example 1 (Synthesis of compound (a) ) 

Methyl trans-4- [ (4S) -methoxy- (2S) - 
pyrrolidinylmethoxy] cyclohexanecarboxylate (100 mg, 0.37 
mmol) was dissolved in DMF (2 mL) . To the solution, [2,5- 
dichloro-4- [ ( l-methyl-lH-3- 

indolylcarbonyl) amino] phenyl] acetic acid (140 mg, 0.37 mmol), 
1-hydroxybenzotriazole (HOBt) (95 mg, 0.70 mmol), 
dimethylaminopyridine (DMA.P) (catalytic amount) , and 1-ethyl- 
3- ( 3-dimethylaminopropyl ) carbodiimide hydrochloride (EDC • HCl ) 
(107 mg, 0.56 mmol) were added. The mixture was stirred for 
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18 hours at room temperature. The reaction mixture was 
poured to 1M-HC1, followed by extraction with ethyl acetate 
three times. The resultant extract was washed with saturated 
brine and then dried over magnesium sulfate anhydrate, and 
the solvent was removed under reduced pressure. The residue 
was purified through silica gel column chromatography (middle 
pressure Yamazen, chlorof orm/methanol 10:0 to 97:3, 20 mL/min, 
4>50 mm x 150 mm) . The thus-obtained ester was dissolved in 
THF (4 mL) , and 0.25M NaOH (2.4 mL, 0.61 mmol) was added 
thereto. The mixture was stirred for 18 hours at room 
temperature, and the solvent was removed under reduced 
pressure. The residue was crystallized through addition of 
1M HC1 . The precipitated crystals were collected through 
filtration under reduced pressure, washed with water, and 
then dried under reduced pressure, to thereby yield a 
compound (a) (150 mg, 66%) as a colorless solid. 
[0024] 

1 H-NMR (DMSO-de) 5:1.10-1.40 (m, 4H) , 1.80-2.20 (m, 8H) , 
3.15-4.30 (m, 8H) , 3.28 (s, 3H) , 3.90 (s, 3H) , 7.21 (t, J= 
7.5 Hz, 1H) , 7.28 (t, J = 7.5 Hz, 1H) , 7.50 (d, J = 15.2 Hz, 
1H), 7.56 (d, J = 8.3 Hz, 1H) , 7.88 (d, J = 4.1 Hz, 1H) , 8.15 

(d, J = 8.0 Hz, 1H) , 8.31 (s, 1H) , 9.39 (s, 1H) . 

MS (ESI) m/z 617 (M+l) + ; 

Anal. Calcd for C31H35CI2N3O6 • 0 . 5H 2 0 : C, 59.52; H, 5.80; N, 
6.72. 

Found: C, 59.36; H, 5.72; N, 6.68. 
[0025] 
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Example 1 (Synthesis of compound (1) : Type-I) 

The compound (a) (5.0 g, 8.1 mol) was suspended in 
acetone (100 mL) , and 1M aqueous NaOH (8.1 mL) was added to 
the suspension, followed by stirring for 18 hours at room 
temperature by use of a stirrer. The precipitated crystals 
were collected through filtration under reduced pressure, 
washed with acetone, and then dried under reduced pressure. 
Moisture conditions of the thus-dried crystals were 
controlled in an atmosphere having a relative humidity of 52% 
or higher, to thereby yield 5.6 g (95%) of the title compound 
(1) as white needles. The compound was identified to be of 
Type-I through powder x-ray dif f ractometry . 

Anal. Calcd. For Csi^C^NaNaOe • 5H 2 0 : C, 51.10; H, 6.09; N, 
5.76; CI, 9.73; Na, 3.16 

Found: C, 50.80; H, 5.99; N, 5.60; CI, 9.70; Na, 3.41 
[0026] 

Example 2 (Synthesis of compound (1) : Type-II) 

The compound (1) (15.0 g) was dissolved in 50% hydrated 
acetone (90 mL) at 30 to 40°C. Insoluble matter was removed 
through filtration, and acetone (360 mL) was added to the 
filtrate, followed by stirring for 20 hours at room 
temperature by use of stirring blades. The precipitated 
crystals were collected through filtration under reduced 
pressure, washed with 10% hydrated acetone, and then dried 
under reduced pressure. Moisture conditions of the thus- 
dried crystals were controlled in an atmosphere of a relative 
humidity of 52% or higher, to thereby yield 14.2 g (95%) of 
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the title compound (1) as white plate-like crystals. The 
thus-obtained compound was identified to be of Type-II 
through powder x-ray dif f ractometry . 
[0027] 

Comparative Example 1 (Synthesis of a lithium salt of 
compound (a) ) 

The compound (a) (112 mg, 0.18 mmol) was suspended in 
ethanol (5 mL) , and 1M aqueous LiOH (0.18 mL) was added to 
the suspension. The solvent was removed under reduced 
pressure, whereby the mixture was dried to solid. The 
residue was dissolved in 20% hydrated acetonitrile (3 mL) 
with heat, and the solution was allowed to stand for two days 
at 4°C. The thus-precipitated crystals were collected 
through filtration under reduced pressure and then dried at 
room temperature for one day, to thereby yield 98 mg (78%) of 
a lithium salt of compound (a) as white crystals. 

Anal. Calcd. For C 3 iH34Cl2LiN 3 06 • 4H 2 0: C, 53.61; H, 6.10; N, 
6.05; CI, 10.21 

Found: C, 53.47; H, 6.08; N, 6.02; Cl, 10.33 
Similarly, an ethanolamine salt, a 
dibenzylethylenediamine salt, and a t-butylamine salt of 
compound (a) were prepared. 
[0028] 

Test Example 1 

Compound (1), compound (a), and salts of compound (a) 
prepared in Example 1, Referential Example 1, and Comparative 
Example 1, respectively, were evaluated in terms of moisture 
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adsorption/desorption. Specifically, the amount of water 
adsorbed on or desorbed from each compound was determined 
through subjecting crystals (about 20 mg) of each compound to 
a microbalance (automatic vapor adsorption apparatus) and 
measuring time-elapsed change in weight at relative 
humidities (RH) ranging from 10 to 90%. 
[0029] 

As a result , compound (a) was found to exhibit a change 
in weight at 40 to 60% RH, and its hydrated form was 
difficult to determine (Fig. 1) . The t-butylamine salt of 
compound (a) was found to exhibit a slight change in weight, 
indicating that the salt raises a concern regarding storage 
stability (Fig. 2) . In contrast, compound (1) was found to 
exhibit no change in weight under typical humidity conditions 
and thus be stable (Fig. 3) . The lithium salt, ethanolamine 
salt, and dibenzylethylenediamine salt of compound (a) were 
found to be stable under typical humidity conditions. 
[0030] 

Test Example 2 

Compound (1), compound (a), and salts of compound (a) 
prepared in Example 1, Referential Example 1, and Comparative 
Example 1, respectively, were evaluated in terms of 
solubility to water (37°C). 
[0031] 

As a result, as shown in Table 1, compound (a) was 
found to have considerably low water-solubility. In contrast, 
compound (1) and the t-butylamine salt of compound (a) were 
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found to have very high water-solubility. 

[0032] 

Table 1 

' — * Water 

Solubility (\xg/mL) 



Compound (a) 0.653 
Ethanolamine salt 896 

Dibenzylethylenediamine salt 74.3 
Lithium salt 838 

t-Butylamine salt >1000 

Compound (1) >1000 



[0033] 



Example 3 

Examples 1 and 2 shows that the forms of produced 
crystals varies depending on crystallization conditions. 
Attempts were made to control crystal polymorphism. The 
results indicate that the crystal form cannot be controlled 
by crystallization temperature, water content of the hydrated 
solvent, or stirring time, but can be controlled by a 
stirring stimulation. Specifically, when such a stirring 
stimulation is week (stirring with blades), Type-II crystals 
(plate-like crystals) were produced, whereas when that is 
strong (stirring with stirrer), Type-I crystals (needles) 
were produced.- 

We studied crystal transition over time at stirring 
with blades in 10% hydrated-acetcpne . As a result of powder 
x-ray diffractory of generated crystals, the diffraction 
patterns show that a peak at 29=20° attributed to Type-I 
crystals appeared three days after starting of stirring, and 
the peak grew as the stirring time extended. These results 
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suggest that crystal transition to Type-I occurs under 

stirring with blades at room temperature. 

[0034] 

Fig. 4 shows powder x-ray diffraction patterns of Type- 
I and Type-I I crystals, and Table 2 shows peaks of the 
patterns . 
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[0035] 



Table 2 



Type- 


I crystals 


Type- 


II crystals 


Angle of 




Angle of 




diffraction 


Intensity 


diffraction 


Intensity 


29 (°) 




29 (°) 




7 . 2 


Intense 


7.2 


Intense 


9 . 6 


Weak 


9.5 


Weak 


12 . 0 


Weak 


11 . 9 


Weak 


12 . 5 


Weak 


12 . 7 


Weak 


12 . 9 


Weak 


13.4 


Weak 


13 . 3 


Weak 


14 . 4 


Medium 


14*4 


Weak 


14 . 8 


Weak 


15.0 


Medium 


15. 8 


Weak 


17 . 3 


Slicrhtlv intense 

U -L. -1- \^ X X 1 — JL V -I- 11 1 — V — • X J- kJ ^ — - 


17 . 3 


Slightly intense 


18.5 


Weak 


18 . 6 


Medium 


18 9 


Weak 


18.9 


Slightly intense 


19.8 


MpH i nTn 

X X V^A -X. Hill 


19.4 


Weak 


21 6 


Tn t en s e 


20.4 


Weak 


22 7 


Med i nm 

X Xv3 V_X -X. LXi.ll 


21.6 


Intense 


24 1 


Ql i rrhtlv intense 


22 . 7 


Slightly intense 


24 6 


We a k 


24.0 


Medium 


25 . 1 


Medium 

X X V — \_X J_ IX ILL 


24 . 3 


Medium 


25.8 


Weak 


24 . 6 


Medium 


26.8 


Medium 


25. 0 


Weak 


27 .1 


Weak 


25.9 


Medium 


27 .7 


Weak 


27.6 


Medium 


29.0 


Medium 


28.9 


Medium 


29.6 


Weak 


29.6 


Weak 


30.5 


Medium 


31.5 


Medium 


31.5 


Medium 


33. 6 


Weak 


32.2 


Weak 


35. 0 


Weak 


32.9 


Weak 


35.5 


Weak 


34.1 


Weak 







[0036] 



Type-I and Type-II crystals were evaluated in terms of 
moisture adsorption/desorption and water-solubility in a 
manner similar to that described in Test Examples 1 and 2. 
The results are shown in Fig. 5 and Table 3. 
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[0037] 
Table 3 





Water 


Crystal form 


Solubility (|ag/mL) 


Type-I 


> 1000 


Type-II 


> 1000 



[0038] 

The compound (1) of the present invention was found to 
have a VLA-4 inhibitory activity comparable to that of 
compound (a) . 
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